Poly(ADP-Ribose) polymerase-1 in acute neuronal death and inflammation: a strategy for neuroprotection.
Poly(ADP-ribose) polymerase-1 (PARP-1) is an abundant nuclear enzyme that is activated primarily by DNA damage. Upon activation, the enzyme hydrolyzes NAD(+) to nicotinamide and transfers ADP ribose units to a variety of nuclear proteins, including histones and PARP-1 itself. This process is important in facilitating DNA repair. However, excessive activation of PARP-1 can lead to significant decrements in NAD(+), and ATP depletion, and cell death (suicide hypothesis). In response to cellular damage by oxygen radicals or excitotoxicity, a rapid and strong activation of PARP-1 occurs in neurons. Excessive PARP-1 activation is implicated in a variety of insults, including cerebral and cardiac ischemia, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced Parkinsonism, traumatic spinal cord injury, and streptozotocin-induced diabetes. The use of PARP inhibitors has, therefore, been proposed as a protective therapy in decreasing excitotoxic neuronal cell death, as well as ischemic and other tissue damage. Excitotoxic brain lesions initially result in the primary destruction of brain parenchyma and subsequently in secondary damage of neighboring neurons hours after the insult. This secondary damage of initially surviving neurons accounts for most of the volume of the infarcted area and the loss of brain function after a stroke. One major component of secondary neuronal damage is the migration of macrophages and microglial cells toward the sites of injury, where they produce large quantities of toxic cytokines and oxygen radicals. Recent evidence indicates that this microglial migration is strongly controlled in living brain tissue by expression of the integrin CD11a, which is regulated in turn by PARP-1, proposing that PARP-1 downregulation may, therefore, be a promising strategy in protecting neurons from this secondary damage, as well. Studies demonstrating an important role for PARP-1 in the regulation of gene transcription have further increased the intricacy of poly(ADP-ribosyl)ation in the control of cell homeostasis and challenge the notion that energy collapse is the sole mechanism by which poly(ADP-ribose) formation contributes to cell death. The hypothesis that PARPs might regulate cell fate as essential modulators of death and survival transcriptional programs is discussed with relation to nuclear factor kappaB and p53.